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(54) Lead acid storage tiattery with ribbed bag-like separator 



(57) The present invention provides a lead acid stor- 
age battery keeping suffident cycle life even under 
vtorating conditions. The lead acid storage battery of the 
present Invention includes an assembly element that is 
obtained by alternately laying positive electrode plates 
(4). each positive electrode plate having an expanded 
grid, and negative electrode plates (2), each negative 
electrode plate being acoomnrxxlated in a bag-like sep- 
arator (1), one upon another. The separator (1) Is pro- 
vMed by folding a fine porous synthetic resign sheet and 
sealing left and right overlapping sides of the fokied 
sheet to have a bag-like shape. The separator (1) has a 
plurality of vertical ribs (3) that are formed in parallel to 
one another on an outer surface of the separator (1 ) and 
that are located in a central portion of the separator (1) 
occupying a most part of its wkjth. The separator (1 ) fur- 
ther has small rib areas (5) that extend along a length of 
the bag-like separator (1) and that are arranged on left 
and right sides thereof. Each of the small rib areas (5) 
includes a large number of small ribs (5a) that intersect 
a left or right skle end of the positive electrode plate (4). 



FIG. I 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a lead acid storage battery especially used for automobiles. 

[0002] In lead add storage batteries for automobiles, either one of a positive electrode plate and a negative elec- 
trode plate, which are obtained respectively by filling a grid with a paste of active material, is accommodated in a bag- 
tike separator that is composed of a fine porous synthetic resin sheet A plurality of vertical ribs are formed in parallel 
to one another on an inner surface of the bag-like separator and are arranged to extend along a vertical axis of the elec- 
ta trode plate. This an^angement causes a certain quantity of electrolyte to be present around the electrode plate in the 
bag-like separator, and prevents the inner surface of the separator from being in direct contact with the surfoce of the 
electrode plate received in the separator. 

[0003] The bag-like separator separates the positive electrode plate from the negative electrode plate and causes 
the active material falling off the grid in the course of the use of the storage battery to be reserved in the separator bag. 

IS thereby preventing an electric short circuit between the positive electrode and the negative electrode. 

[0004] The active material of the positive electrode plate is readily and significantly softened and falls off the grid by 
the repeated charge and discharge, compared with the active material of the negative electrode plate. The general con- 
figuration thus accommodates the positive electrode plate in the bag-like separator. The bag-like separator, in which the 
positive electrode plate Is accommodated, advantageously interferes with the fall-off of the active material of the posi- 

20 tive electrode even If the active material is softened to some extent. 

[0005] With a recent trend of the high-performance engine and the compact body, the engine room in automobiles 
tends to be exposed to extremely high temperatures. When the storage battery is used at high terrperatures. the cor- 
rosion of the grki of the positive electrode plate proceeds to worsen the cyde life of the storage battery. Espedally when 
an antimony-free lead-caldum-tin alloy Is used for the grkJ of the positive electrode plate and the negative electrode 

25 plate in order to prevent a decrease in volume of the electrolyte under the high temperature conditions, the corrosion of 
the grid of the positive electrode plate is prominent and significantly worsens the cyde life of the storage battery. 
[0006] One proposed technique to prevent the cyde life of the battery from being worsened enhances the strength 
of the grid. For example, the technique disdosed in Japanese Laid-open Patent No. Hei 5-290857 raises the concen- 
tration of tin In the lead-calclum-tin alloy, which forms an expanded grid of the positive electrode plate, thereby ensuring 

30 the sufficient strength of the grid and improving the cycle life of the storage battery. The expanded grid of the positive 
electrode plate reduces the degree of con'osion and Improves the life cyde of the battery The positive electrode plate 
of the expanded grkJ accommodated in the bag-like separator, however, may break the bottom of the bag-like separator 
to cause a short circuit between the positive electrode and the negative electrode and abruptly worsen the cycle life of 
the battery The expanded grid has a lower degree of corrosion than the conventional grid, but expands In a specific 

35 expanding work direction due to the corrosion. This causes the bottom of the separator to be damaged. The strudure 
that applies an expanded grki for the positive electrode plate and accommodates the positive electrode plate in the bag- 
like separator by taking into account the possible corrosion of the grid under the Ngh temperature condition is an effec- 
tive countermeasure to enhance the strength of the grid. The problem of this technique is that the expansion of the 
expanded grid in the specific expanding work direction damages tiie separator and thereby abruptly worsens the life 

40 cyde of the battery. 

[0007] One proposed technique to solve this problem accommodates the negative electrode plate in the bag-like 
separator, instead of the positive electrode plate made of tiie expanded grid. This arrangement prevents the positive 
electrode plate from damaging the bottom of the t)ag-like separator, but causes another problem, that is, fall-off of the 
active material from the expanded grid of the positive electrode plate. In the conventional structure, the softened active 

45 material of the positive electrode falls off the grid little by little. In this proposed structure, on the other hand, the active 
material of the positive electrode Included in one lattice falls off at once on both sides of the positive electrode plate. 
This is ascribed to the characteristics that the expanded grki of the positive electrode plate expands in the specific 
expanding work direction and that the expanded grid does not have the framewori< on both the left and right sides 
thereof. These characteristics do not cai^e any significant problem in the conventional structure where the positive 

50 electrode plate is accommodated in the bag-like separator. In tiie proposed lead acid storage battery where the nega- 
tive electrode plate, instead of the positive electrode plate, Is accommodated in the bag-like separator, however, the fall- 
off of the active material significantiy worsens the life cyde of the battery. This phenomenon is especially prominent 
under the high vibrating conditions, for example, in recreational vehicles widely used. 

55 BRIEF SUMMARY OF THE INVENTION 

[0008] The object of the present Invention is thus to prevent an active material from falling off a positive electrode 
plate and to improve the life cycle of a lead add storage battery under high vibrating conditions, where tiie lead add 
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storage battery has the positive electrode plate including an expanded grid and a negative electrode plate accommo- 
dated in a bag-like separator. 

[0009] The present Invention is directed to a lead acid storage battery comprising an assenrtbly element which com- 
prises a plurality of positive electrode plates and negative electrode plates that are stacked alternately, each negative 

5 electrode plate being accommodated in a bag-like separator, wherein the separator is provided by folding a fine porous 
synthetic resin sheet and sealing left and right overlapping sides of the folded sheet to have a bag-like shape, tiie sep- 
arator having a plurality of vertical ribs that are formed In parallel to one another on an outer surface of the separator 
and that are located in a central portion of the separator occupying a most part of its width, the separator further having 
small rib areas tiiat extend along a length of the bag-like separator and that are arranged on left and right sides thereof, 

10 each of the small rib areas including a large number of small ribs ttiat intersect a left or right side end of the positive 
electrode plate. 

[0010] In accordance with one preferable mode of the present invention, the positive electrode plate comprises a 
grid, which substantially does not have a vertical framework, and a paste of active material applied to the grid. 
[001 1 ] It is preferable that a lattice width of the grid is not greater than 1 .4 times a width of the each small rib area. 
15 [0012] In accordance with another preferable mode of tine present invention, some or all ends of the small ribs on 
a center side of the separator are continuous with an adjoining vertical rib. 

[0013] In accordance with still another preferable mode of tiie present invention, each of the small ribs is arranged 
to have its longitudinal axis inclined to the horizontal direction. 

[001 4] In accordance with anotiier preferable mode of tiie present invention, tiie positive electrode plate comprises 
20 an expanded grid of an lead-calcium-tin alloy and a paste of active material applied to the expanded grid. 
[001 5] It is preferable that a content of tin in the lead-calcium-tin alloy ranges from 0.7 to 2.2% by weight. 
[0016] It is also preferable that a content of calcium in the tead-caldum-tin alloy ranges from 0.05 to 0.09% by 
weight. 

[001 7] While the novel features of tiie invention are set forth particularly in tiie appended claims, tiie invention, botii 
25 as to organization and content, will be better understood and appreciated, along witii otiier objects and features thereof, 
from the following detailed description taken conjunction witii tiie drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 

30 [0018] 

Fig. 1 is a front view illustrating a bag-like separator in one embodiment according to tiie present invention. 
Rg. 2 is a plan view showing an arrangement of the separator and electrode plates. 
Fig. 3 is a front view illustrating a grid of a positive electrode plate. 
35 Fig. 4 is an enlarged view showing a main part of tiie grid. 

Rg. 5 is a front view illustrating anotiier bag-like separator in anotiier embodiment according to the present inven- 
tion. 

Rg. 6 is a graph showing life cycle characteristics of batteries of examples according to the present invention and 
comparative examples. 

40 Fig. 7 is a graph showing life cyde characteristics of the batteries of the examples according to the present inven- 
tion and the comparative examples under a vibrating condition. 

Rg. 8 is a graph showing the relationship between the content of tin in the alloy applied for the grid of the positive 
electrode plate and the life cycle with regard to tiie batteries using a variety of separators. 
Fig. 9 is a front view illustrating a prior art separator. 
45 Fig. 1 0 is a plan view showing a state in which a positive electrode plate is accommodated in the separator of Fig. 9. 

[001 9] It will be recognized that some or all of the figures are schematic representations for purposes of illustration 
and do not necessarily depict the actual relative sizes or locations of the element shown. 

so DETAILED DESCRIPTION OF THE INVENTION 

[0020] Fig. 1 shows a bag-like separator 1 used for a lead add storage battery of the present invention. The bag- 
like separator 1 1s a bag witii an upper opening and is provided by fbkJing a fine porous polyethylene sheet in two and 
joining botii left and right skJes 1a and lb thereof with a mechanical seal A negative electrode plate 2 is accommodated 
55 in tiie bag-like separator 1 . A plurality of vertical ribs 3 are formed in parallel to one another on a central portion of an 
outer surface of tiie bag-like separator 1 . Small rib areas 5 are formed at positions corresponding to left and right side 
ends 4a and 4b of a positive electrode plate 4 (shown by the dotted line) on the outer surface of the bag-like separator 
1. Each small rib area 5 extends along the length of the bag-like separator 1 and includes a large nuntber of small ribs 
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5a that intersect the left side end 4a or the right side end 4b of the positive electrode plate 4. 
[0021] As shown in Fig. 3. the positive electrode plate 4 includes an expanded grid 6 and an active material filled 
therein. The expanded grid 6 does not have a framework by the process of manufacture. The active nrnteria) that is 
present in a specific area 8b, which is not surrounded by a grid wire 7 in the vidnity of the left or right side end of the 
5 expanded grid 6, tends to fall off more readily than the active material that is present in another area 8a, which is sur- 
rounded by the grid wire 7. The arrangement of the present invention effectively prevent the active material in the spe- 
cific area from readily falling off. The expanded grid 6 is preferably composed of a lead-calcium-tin alloy containing 0.7 
to 2.2% by weight of tin. in order to exert the effects of the present invention remarkably. 

[0022] Fig. 2 is a plan view showing an arrangement of the separator and the electrode plates in the lead add stor- 
10 age battery of the present invention. The negative electrode plate 2 is aocomnvxlated in the bag-like separator 1. The 
vertical ribs 3 are formed on the central portion of the outer surface of the bag-like separator 1 . The positive electrode 
plate 4 is interposed between the two bag-like separators 1 and supported by the vertical ribs 3 and the small rib areas 
5 on the separators 1 . The small ribs 5a are an'anged to Intersect the left and right side ends 4a and 4b of the positive 
electrode plate 4. so as to support the active material In the specific areas 8b. which are not sun-ounded by the grid wire 
15 7. This anBngement effectively prevents the active material from falling off to worsen the life cyde of the battery, which 
occurs in the prior art structure. 

[0023] Referring to Fig. 4, the expanded grid 6 is typically manufoctured by cutting slits in a zigzag arrangement on 
a \esd alloy sheet in the lateral direction thereof and expanding the lead alloy sheet in the vertical direction. A lattice 
width p is greater than a lattice length d. In order to effectively prevent the active material from falling off the specific 
20 areas 8b, which are not surrounded by the grki wire on the left and right side ends of the expanded grid, it is preferable 
that a width w of the small rib area 5 has an overlapping part of at least which overlaps the side end of the positive 
electrode plate. 

[0024] From one point of view, it is preferable that the small ribs 5a are arranged to be not in direct contact with the 
vertical rib 3. When the small ribs 5a are in contact with the vertical rib 3, a dam Is formed between the small ribs 5a 
25 and the vertical rib 3 to block the flow of an electrolyte and thereby interferes with diffusion of the electrolyte in the ver- 
tical direction. In order to ensure the sufficient diffusion of the electrolyte, it is preferable that the small ribs 5a are apart 
from the vertical rib 3. 

[0025] From another point of view, on the other hand, it is preferable that the small ribs 5a are continuous with the 
vertical rib 3. The continuous an-angement of the small ribs 5a with the vertical rib 3 effectively prevents the side of one 

30 separator from entering a clearance between the small ribs 5a and the vertical rib 3 on an adjoining separator in the 
process of laying a large number of separators, in which negative electrode plates are accommodated, one upon 
another. This an^angement also prevents the side end of a positive electrode plate from entering a dearance between 
the small ribs 5a and the vertical rib 3 on an adjoining separator in the process of providing a group of electrode plates. 
The continuous arrangement enhances the strength against the expansion and contraction due to vibrations. From 

35 these points of views, as shown by the dotted line in Rg. 1, it is preferable that part of the small ribs 5a, for example, at 
a rate of one per five small ribs, are designed to be continuous with an adjoining vertical rib. 
[0026] The bag-like separator is manufactured by folding one separator sheet in two. When small ribs are arranged 
to be indined in one specified direction on the separator sheet, the small ribs on one face of a bag-like separator are 
inclined in a different direction from that of the small ribs on the other face of the bag-like separator. This an-angement 

40 effectively prevents the small rib on one separator from entering a space between the small ribs on an adjoining sepa- 
rator in the process of laying a large number of separators, in which negative electrode plates are accommodated, one 
upon another, it is thus easy to position the large number of separators in the vertical direction. 
[0027] The assembly element, which is obtained by laying the negative electrode plates 2 accommodated in the 
bag-like separators 1 and the positive electrode plates 4 one upon another, is inserted in a battery case. A lead aM 

45 storage battery is completed by a known method through the processes of connection between cells, welding of a cover 
to the battery case, welding terminals, and formation charging. 

[0028] The assembly element satisfies an expression m^. where m and n respectively denote the number of neg- 
ative electrodes and the number of positive electrodes induded in the assembly element. This anBngement deaeases 
the required number of separators and advantageously reduces the manufacturing cost of the storage battery 

so [0029] Rg. 5 shows a bag-like separator 1 1 in another embodiment according to the present invention. The sepa- 
rator 11 has a left side 1 1 a and a right side 1 1 b joined with a mechanical seal. The negative electrode plate 2 is accom- 
modated in the bag-like separator 1 1 . A plurality of vertical ribs 13 are arranged on a central portion of an outer surface 
of the bag-like separator 1 1 . Small rib areas 15, which extend along the length of the separator 1 1 and include a large 
number of small ribs 1 5a. are formed on left and right sides of the separator 1 1 . In the example of Fig. 1 , the small ribs 

55 5a are indined and not continuous with adjoining vertical ribs. In the example of Fig. 5. on the other hand, the small ribs 
15a are perpendicular to and continuous with adjoining vertical ribs 13a and 13b. 
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Example 1 

[0030] An expanded grid composed of Pl>0.08wt%Ca-1.25wt%Sn alloy and an expanded grid composed of Pb- 
0.08wt%Ca-0.25wt%Sn alloy were respectively used for a positive electrode plate and a negative electrode plate. Each 

5 expanded grid was manufactured by cutting slits in a zigzag an'angement on a sheet, which was obtained by cold rolling 
a cast slab of the alloy in multiple stages, in the rolling direction and expanding the sheet In a direction perpendicular to 
the slits. A paste of active material was prepared by adding water and diluted sulfuric acid to a mixture of metallic lead 
powder and lead oxide powder and Kneading the mixture. The expanded grid was filled with the paste of active material, 
cured, and dried to give the positive electrode plate and the negative electrode plate. LJgnin sulfonate sodium salt and 

10 barium sulfate as shrink resistant reagents and carton powder as other additive were mixed with the paste of active 
material for the negative electrode plate. The width p and the length d of the lattice in the expanded grid were 1 1 mm 
and 8 mm. respectively 

[0031 ] A bag-lilce separator as shown in Rg. 1 was provided by folding a fine porous polyethylene sheet of 0.2 mm 
in thickness having vertical ribs and small ribs in two and mechanically sealing left and right sides having a width of 2.5 

15 mm that were pressed between a pair of engaging gears. The bag-like separator had a length of 121 mm and a width 
of 152 mm. The vertical ribs 3 had a trapezoidal shape having an upper side of 0.3 mm, a lower side of 0.8 mm. and a 
height of 0.9 mm, and were arranged at a pitch of 9.8 mm. The small ribs 5a had a semicircular shape having a radius 
of 0.2 mm and were arranged at a pitch of 1 mm. The width w of the small rib area 5 was 1 2 mm. The small ribs 5a were 
inclined at approximately 45 degrees to the horizontal direction. 

20 [0032] Six negative electrode plates respectively accommodated in the bag-like separators and five positive elec- 
trode plates were alternately laid one upon another to constitute an assembly element. The assembly element was 
inserted in a mono-block battery case, in which six cells were connected in series, and a lead acid storage battery hav- 
ing a voltage of 12 V and a nominal capacity of 48 Ah was manufactured by the known method. The electrode plates 
had a length of 1 14.5 mm and a width of 137.5 mm. 

25 [0033] A battery A was thus obtained as an example of the present invention. 
[0034] Batteries B, C, D, and E were manufectured as comparative examples. 

Battery B of Comparative Example 

30 [0035] A bag-like separator 21 was prepared by folding a separator sheet in two and joining left and right sides 21a 
and 21b with a mechanical seal as shown in Rg. 9 and 1 0. Vertical ribs 23 having the same dimensions as those of the 
vertical ribs 3 discussed above were formed at a pitch of 9.8 mm on the inner surface of the bag-like separator 21 . A 
cast grid composed of Pb-0.08wt%Ca-0.25wt%Sn alloy was applied for the positive electrode plate 4, which was 
accommodated in the bag-like separator 21. The positive electrode plates respectively accommodated in the bag-like 

35 separators and the negative electrode plates were alternately laid one upon another to constitute an assembly element. 
The other construction of the battery B is the same as that of the battery A. 

Battery C of Comparative Example 

40 [0036] The battery C was manufactured in the same manner as the battery B, except that the cast grid was 
replaced by an expanded grid composed of the same alloy 

Battery D of Comparative Example 

45 [0037] The battery D was manufactured in the same manner as the battery B. except that the cast grid was 
replaced by an expanded grid composed of Pb-0.08wt%Ca-1 .25wt%Sn alloy 

Battery E of Comparative Example 

50 [0038] The battery E was manufactured in the same manner as the battery A. except that the bag-like separator 
had vertical ribs on its outer surface but not small ribs. 

[0039] A cycle life test according to JIS D5301 was carried out under vibrating conditions at 75''C with regard to the 
batteries A. B. C, D, and E. The vibrating conditions were as follows: multi-amplitudes of 2.3 to 2.5 mm, an acceleration 
of 9.8 nVs^, and repeated vibrations for one hour upward and downward, for one hour backward and forward, and for 
55 one hour leftward and rightward. For the purpose of comparison, the cycle life test was also canried out without any 
vibrations. 

[0040] The following desaibes the outline of the cycle life test according to JIS D5301 . One cycle includes a dis- 
charge of the battery at a discharge current of 25A for 4 minutes and a consecutive charge of the battery with a charging 



5 



EP 0 994 518 A1 



voltage of 14.8 V (maximum current: 25 A) forlO minutes. The battery is left for 56 hours after 480 cycles and continu- 
ously discharged at a reference current of 356 A for 30 seconds. The voltage is measured after the 30-second dis- 
charge. After the measurement, the baWery is charged under the same conditions mentioned above. This procedure is 
repeated, and the cyde life of the battery is defined as the number of cycles when the voltage measured after the 30- 
5 second discharge becomes equal to 7.2 V. Purified water is added to the electrolyte according to the requirements since 
the volume of the electrolyte decreases during the test. 

[0041 ] TTie graph of Fig. 6 shows the results of the cycle life test without any vibrations. The battery A of the present 
invention and the battery E of the conrparative example had the better cycle life characteristics than those of the batter- 
ies 6, C. and D of the comparative examples. In the battery B of the comparative example having the worst cycle life, 

10 the grid of the positive electrode plate conceded to an extreme degree and did not have the original shape. In the battery 
C of the comparative example, the grid of the positive electrode plate also corroded to a significant degree. In the bat- 
tery D of the comparative example, the expanded grid of the positive electrode plate expanded in the expanding work 
direction (con-esponding to the length of the positive electrode plate) to make a hole in the bottom of the bag-like sep- 
arator. The positive electrode was accordingly in contact with the negative electrode and caused a short circuit. As 

15 clearly understood from the variation in voltage of the battery D. the short circuit abruptly occurred. This means that the 
battery abruptly falls In a disabled state in the actual use. When this phenomenon occurs In a storage battery mounted 
on an automobile, the automobile abruptly stops. This is extremely inconvenient to the driver of the automobile. The bat- 
tery C had substantially no damage in the bottom of the separator, which was found in the battery D. This is ascribed 
to the fact that the con^osion to a significant degree remarkably lowers the strength of the grid before the grid expands 

20 to damage the separator, and no large stress is accordingly generated to damage the separator. 

[0042] Increasing the concentration of tin in the alloy used for the grid of the positive electrode plate accommodated 
in the bag-like separator enhances the strength of the grid and improves the cyde life of the battery The increased con- 
centration of tin. on the other hand, increases the possibility of damaging the bottom of the separator and causing an 
abrupt failure of the storage battery. 

25 [0043] The graph of Fig. 7 shows the results of the cycle life test under the vibrating conditions discussed above. 
The results of Fig. 7 show that the cycle life was a little worsened with regard to the batteries B, C. and D. compared 
with the case without any vibrations. The battery E of the conparative example was more significantly affected by the 
vibrations than the batteries B through D. and had a remarkable decrease In cyde life. The battery E was disassembled 
for the purpose of eluddation of the cause of this remarkably worsened cycle life. The active nnaterial fell off from the 

30 specific areas, which were not surrounded by the grid wire, on the left and right side ends of the positive electrode plate. 
The battery A of the present invention had the excellent cycle life characteristics, compared with the batteries of the 
comparative examples. The battery A was also disassembled. The main factor of the worsened cycle life of this storage 
battery was the general softening of the active material of the positive electrode. There was substantially no fall-off of 
the active material, which was observed in the battery E. It is thought that the small ribs formed on the left and right 

35 sides of the outer suriace of the bag-like separator prevent the active material from falling off. 

Example 2 

[0044] The battery A of Example 1 and the batteries B through E of the comparative exannples were subjected to a 
40 light load cycle life test under the vibrating conditions discussed In Example 1 while the content of tin in the alloy used 
for the grid of the positive electrode plate was varied. The graph of Fig. 8 shows the results of the test. The battery A of 
the present invention showed a remarkable improvement in cyde life when the content of tin in the alloy used for the 
grid of the positive electrode plate was not less than 0.7% by weight, compared with the batteries of the comparative 
examples. Especially when the content of tin In the alloy was equal to 0.9% by weight, the cycle life of the battery A was 
45 extended to 31 00 cycles and the cycle life of the battery E was extended to 2400 cycles. It is accordingly preferable that 
the content of tin in the alloy is not less than 0.9% by weight. When the content of tin in the alloy for the grid of the pos- 
itive electrode plate was less than 0.7% by weight, the cyde life of the battery A was not significantly different from the 
cyde life of the battery D of the comparative exarnple (in which the positive electrode plate was accomnrxxlated in the 
bag-like separator). In this range of the Sn concentration, the grid of the positive electrode plate has a low strength and 
50 does not damage the bottom of the bag-like separator, in which the positive electrode plate Is accommodated. The 
expanding work requires that the content of tin in the alloy used for the grid of the positive electrode plate Is not greater 
than 2.2% by weight When the content of tin in the alloy exceeds 2.2% by weight, there may be cracks at the joints of 
the grid wire in the process of the expanding work. This may increase the possibility of worsening the cycle life of the 
battery. 

55 
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Examples 
(1) Example 3-1 

5 [0045] As shown in Fig. 5. a bag-like separator was prepared by folding a fine porous polyethylene sheet in two and 
joining left and right sides with a mechanical seal. Vertical ribs having a trapezoidal cross section and the same dimen- 
sions as those defined with Fig. 1 were arranged on the outer surface of this separator. A large number of small ribs 
having a semicircular cross section of 0.2 mm in radius and a length of 8 mm (namely the width of the small rib area 
was also 8 mm) were arranged at a pitch of 1 mm on the left and right sides of the separator. The respective ends of 

10 the small ribs on the center side of the separator were continuous with an adjoining vertical rib. 

[0046] A negative electrode plate accommodated in the bag-like separator (hereinafter referred to as the separator 
'*d'*) was obtained by filling a paste of active material into an expanded grid composed of a rolled sheet of Pb- 

0. 07wt%Ca-0.2wt%Sn alloy. 

[0047] The positive electrode plate was prepared by filling a paste of active material into a cast grid composed of 
15 Pb-0.07wt%Ca-1 .2wt%Sn alloy. 

[0048] Six negative electrode plates respectively accommodated in the bag-like separators and five positive elec- 
trode plates were alternately laid one upon another to constitute an assembly element. A lead add storage battery for 
the automobile was then assembled in the same manner as Example 1. 

20 (2) Example 3-2 

[0049] The battery of Example 3-2 was manufactured in the same manner as the battery of Example 3-1 , except 
that the separator used had the small ribs of 5.0 mm in length (hereinafter refenred to as the separator "c") and that an 
expanded grid was used for the positive electrode plate. 

25 

(3) Example 3-3 

[0050] The battery of Example 3-2 was manufactured in the same manner as the battery of Example 3-1 , except 
that an expanded grid was used for the positive electrode plate. 

30 

(4) Example 3-4 

[0051] The battery of Example 3-4 was manufactured in the sane manner as the battery of Exanrple 3-2, except 
that the separator used had the small ribs of 5.0 mm in length, which were apart from an adjoining vertical rib by approx- 
35 imately 3.0 mm (hereinafter referred to as the separator "e"). 

[0052] Batteries of comparative examples were manufactured as follows: 

Comparative Example 1 : 

40 [0053] The battery of Comparative Example 1 was manufactured in the same manner as the battery of Example 3- 

1 , except that the separator used did not have any vertical ribs or small rtos (hereinafter refen'ed to as the separator "a"). 

Comparative Example 2: 

45 [0054] The battery of Comparative Example 2 was manufactured in the same manner as the battery of Example 3- 
1 . except that the separator used had vertical ribs but not small ribs (hereinafter referred to as the separator V). 

Comparative Example 3: 

so [0055] The battery of Comparative Example 3 was manufactured in the same manner as the battery of Compara- 
tive Example 1 . except that an eaqpanded grid was used for the positive electrode plate. 

Comparative Example 4: 

55 [0056] The battery of Comparative Example 4 was manufactured in the same manner as the battery of Compara- 
tive Example 2. except that an expanded grid was used for the positive electrode plate. 
[0057] Table 1 shows the constructions of the respective batteries. 
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Table 1 



Battery 


Grid of positive electrode 


Separator 


Remarks 


a 


Cast grid 


Separator a (without ribs) 


Comparative example 1 


b 


Same as above 


Separator b (with vertical ribs on outside of bag) 


Conparative example 2 


c 


same as above 


Separator d 


Exanple 3>1 


d 


Expanded grid 


Separator a (without vbs) 


Comparative example 3 


e 


same as above 


Separator b (with vertical ribs on outside of bag) 


Comparative example 4 


f 


same as above 


Separator c 


Example 3-2 


g 


same as above 


Separator d 


Example 3-3 


h 


same as above 


Separator e 


Example 3-4 



[0058] The cycle life test was carried out under the conditions discussed in Example 1 with regard to the batteries 
"a" through "h" In Table 1 . Table 2 shows the results of the cycle life test. The cycle life in Table 2 is specified as an index 
20 relative to the cycle life of tiie battery "a" set equal to 1 GO. 



Table 2 



Battery 


Cycle life under vibra- 
tions (Index relative to 
cycle life of l3attery 
R=100) 


Cycle life without vibrations (Index 

relative to cycle life of battery 
a=100 under vibrating conditions) 


a 


100 


140 


b 


130 


180 


c 


190 


190 


d 


110 


150 


e 


130 


170 


f 


200 


220 


9 


220 


220 


H 


180 


210 



[0059] As shown in Table 2, the batteries V. "g". and "h" of the present invention had improved cycle life char- 
acteristics, compared with tiie batteries "a", V, and "d" of the conparative examples. These batteries were disassem- 
bled after the cyde life test. In the batteries "a" and "d". oxidation made holes on tiie whole surface of the separator, and 
45 the active material of tiie positive electrode plate, which was not accommodated in the separator, fell off to a significant 
extent. In the batteries "b" and "e", the left and right side ends of tiie positive electrode plate damaged tiie left and right 
sides of the separator and made holes, and tiie positive electrode plate was in contact with tiie negative electi'ode plate 
to cause a short circuit. In these batteries "b" and "e", the active material felt off especially on tiie left and right side ends 
of tiie electrode plate, which was not accommodated in the separator. This fall-off phenomenon was especially remark- 
so able in the battery "e", for which tiie expanded grid was used. 

[0060] In tiie batteries "c". T. "g", and "h" of the present invention, on the other hand, the left and right side ends 
of the electrode plate, which was not accommodated in the bag-like separator, did not make holes in tiie separator. In 
the battery "h" where tiie small ribs were not continuous witii an adjoining vertical rib. litUe aacks occurred along tiie 
discontinuous parts between the small ribs and the adjoining vertical rib. In the batteries "c**. "f", and *'g" of the present 
55 invention, there were no such aadcs nor any damage of the separator. The main factor of the worsened cycle life was 
the fall-off of the active material. There was a difference in cycle life between tiie batteries "f" and "g' of tiie present 
invention. This may be ascribed to the difference in state of adhesion of the active material to the grid on the left and 
the right side ends of the electrode plate, which is not accommodated in the bag-like separator. In the battery T where 
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the rate of the lattice width p to the width of the small rib area was equal to 2.2. the active material was partly peeled off 
the grid on the left and the right side ends of the electrode plate. In the battery "g" where the rate of the lattice width p 
to the width of the smalt rib area was equal to 1 .4. on the other hand, there was no peel-off of the active material. 
[0061 ] As described above, in the lead acid storage battery of the present invention, the negative electrode plate is 
5 accommodated in a bag-like separator composed of a fine porous synthetic resin sheet. The structure of the present 
invention prevents the active material from falling off the positive electrode plate, which is not accommodated in the bag- 
like separator, due to vibrations of the electrode plate and protects the separator from damages. This effectively pre- 
vents a decrease in cyde life of the battery under the vibrating conditions. 

[0062] Although the present invention has been described in terms of the presently preferred emk)odi merits, it is to 
10 be understood that such disclosure is not to be interpreted as limiting. Various alterations and modifications will no 
doubt become apparent to those skilled in the art to which the present invention pertains, after having read the above 
disclosure. Accordingly, it is intended that the appended claims be interpreted as covering all alterations and modifica- 
tions as fall within the true spirit and scope of the invention. 

15 Claims 

1. A lead acid storage battery comprising an assembly element which comprises a plurality of positive electrode 
plates and negative electrode plates that are stacked alternately, each negative electrode plate being accommo- 
dated in a bag-like separator, wherein said separator is provided by folding a fine porous synthetic resin sheet and 

20 sealing left and right overlapping sides of said folded sheet to have a bag-like shape, said separator having a plu- 
rality of vertical ribs that are formed in parallel to one another on an outer surface of said separator and that are 
located in a central portion of said separator occupying a most part of its width, said separator further having small 
rib areas that extend along a length of said bag-like separator and that are anranged on left and right skies thereof, 
each of said small rib areas including a large number of small ribs that intersect a left or right side end of sakJ pos- 

25 itive electrode plate. 

2. The lead add storage battery in accordance with daim 1 . wherein said positive electrode plate comprises a grid, 
which substantially does not have a vertical frameworK and a paste of active material filled in sakJ grid. 

30 3. The lead add storage battery in accordance with claim 2. wherein a lattice width of said grid is not greater than 1 .4 
times a width of said each small rib area. 

4. The lead acid storage battery in accordance with daim 1, wherein some or all ends of sakJ small ribs on a center 
skie of sM separator are continuous with an adjoining vertical rib. 

35 

5. The lead add storage battery in accordance with daim 1, wherein sakJ positive electrode plate conprises an 
expanded gnd of an lead-calcium-tin allc^ and a paste of active material filled In said expanded grid. 

6. The lead add storage battery in accordance with daim 5, wherein a content of lead in the lead-calcium-tin alloy 
40 ranges from 0.7 to 2.2% by weight. 

7. The lead acid storage battery in accordance with daim 6, wherein a content of caldum in the lead-caldum-tin alloy 
ranges from 0.05 to 0.09% by weight. 

45 8. The lead add storage battery in accordance with daim 5, wherein a width of said each small rib area is designed 
to have an overlapping area that overlaps an end of said positive electrode plate and that is at least half a lattice 
width of said expanded grid. 

9. The lead acid storage battery in accordance with claim 5, wherein a number of sakJ negative electrode plates is 
50 identical with or smaller by one than a number of said positive electrode plates. 

10. The lead acid storage battery in accordance with claim 1 , wherein each of sakj small ribs is arranged to have its 
longitudinal axis indined to the horizontal direction. 

55 
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FIG. I 
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FIG. 5 
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FIG. 6 
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FIG. 8 
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